Weinvestigated the FMgene cluster to identify a gene(s) which confers FMresistance to E. coli. Deletion analysis of various fragments in the FMbiosynthetic gene cluster revealed that bothfomAandfomB, formerly called as orfA and orfB9\ respectively, and characterized as FM-resistance genes, were required for complete resistance of E. coli to FM. In addition, we found that FMwas converted to inactive forms and then reactivated again upon incubation with cell-free extracts prepared from E. coli harboring fomAand fomB genes in the presence of ATP(data not shown). In this paper, we describe the structures of FMdiphosphate (1) and FM monophosphate (2), two inactivation products of FM formed by the action of gene products offomA andfomB expressed in E. coli.
A plasmid that inserted fomAand fomB just downstream from the pUC119 lacZ promoter in the same transcriptional direction was constructed and introduced into E. coli. A cell-free extract of this transformant and 5.4mM FMwere incubated in the presence ofATP at a final concentration of 16mMat 30°C for 4hours. Analysis by thin layer chromatography revealed that three major compounds1, 2 and 3 existed in the reaction mixture. The reaction products were purified by Dowex-1 and Sephadex G-10 chromatography. The pure fractions containing each compoundwere freeze-dried to give powders of 1, 2 and 3 as sodium salts. The molecular formulas of 1, 2 and 3 were determined which can be compared with the /^-phosphorus signal of ADP.These spectral data determined the structures of 1 and 2 as FMdiphosphate and FMmonophosphate The *Hchemical shifts are expressed in ppm down field from internal 3-(trimethylsilyl)-propanesulfonic acid sodium salt. The 31P chemical shifts is relative to phosphoric acid as external standard at Oppm. derivatives, respectively, as shown in Fig. 1 .
In the XHNMRspectrum of 3 which possesses the same molecular formula as 2, two oxymethine protons appeared at 4.05 and 4.12ppm in place of two epoxide methine signals observed in 2. In addition, two 31P NMR signals at 15.34 and -2.09ppm coupled each other showed large down field shifts as compared with the corresponding 31P NMRsignals in 2. These characteristic spectral changes are assigned to the formation of a cyclic phosphate system indicating the structure of 3 as shown in Fig. 1 .
As expected from their structures, 1 and 2 but not 3 were transformed to FMby bacterial alkaline phosphatase (Takara Shuzo Co., Ltd.). Since 1 and 2 were gradually converted to 3 at room temperature, 3 is believed to be an artifact of 1 and 2. As mentioned above, FM was converted to inactive forms and then activated again in vitro during the inactivation reaction. This phenomenon could be explained by assuming that FMwas phosphorylated by the gene products offomAand/orfomB in the presence of ATP and then, presumably after consumption of ATP, dephosphorylated by endogenous phosphatases of E. coli.
Further studies are necessary to define the individual function offomA and fomB. Independently of our results, Galcia et al. reported that cell extracts prepared from E. coli harboring the fosC gene, which had been cloned from the FM-producing organism P. syringae PB-5123, inactivated FM in the presence of ATP.10) They also showed that when FMwas incubated as just mentioned and subsequently treated with alkaline phosphatase, the activity of FM remained unchanged. However, the inactivated products were not well characterized. In view of these results, we propose the inactivated FMderivatives formed by the fosC gene product may be 1 and/or 2. The deduced amino acid sequences of these gene products, however, do not show significant homologyeach other. This fact may suggest that the two FM-producing organisms being taxonomically quite different from each other, in-503 dependently acquired the self-resistance mechanism against FMduring evolution. 
